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The deuterides of cubic (C15) Laves phases AB 2 (A, rare earth; B, transition metal) have been widely studied for the role of deuterium absorption on their structural, magnetic, and electronic properties.
1,2 Among these systems, a lot of attention has been paid to the YFe 2 compound and the corresponding deuterides and hydrides 3 ; RFe 2 Laves phase can absorb up to 5 D(H)/mole. 4 The YFe 2 D 4.2 deuteride that crystallizes in a monoclinic superstructure below 323 K (Ref. 5 ) is ferromagnetic at low temperature. 6 Upon heating, this compound undergoes a sharp first-order magnetovolumic transition at T M0 = 84 K (volume decrease of 0.55%) associated with a transition from the ferromagnetic (FM) to an antiferromagnetic (AFM) ordering. 6 The Néel temperature is located at 131 K. Above this temperature, the compound is considered as a paramagnet. It is worth noting that the FM-AFM transition is extremely sensitive to external applied magnetic field and presents an itinerant-electron metamagnetic behavior (IEM) attributed mainly to one of the eight Fe sites. [5] [6] [7] The transition temperature is very sensitive to a volume change induced by an external pressure, an H for D isotope substitution, or upon replacing Y with another rare-earth element. [6] [7] [8] [9] [10] [11] The first-order IEM behavior leads also to a significant magnetic entropy change, close to that observed in Gd for YFe 2 D 4.2 .
12 However, for magnetic refrigeration applications, tuning T M0 toward higher values is required. To better understanding the high sensitivity of the magnetic transition to the very weak volume variation, the study of Y 1Ày R y Fe 2 (H, D) x(c) compounds (R = Tb, Er, Lu) and x(c) close to 4.2 has been undertaken. In this paper, the magnetic properties of the Y 0.9 Gd 0.1 Fe 2 D 4.2 compound will be presented with particular attention paid to the high continuous magnetic field (up to 310 kOe) behavior.
II. RESULTS AND DISCUSSION
The preparation and characterization of the Y 0.9 Gd 0.1 Fe 2 intermetallic compound was described in a previous paper. 13 The Y 0.9 Gd 0.1 Fe 2 D 4.2 deuteride was prepared by solid-gas reaction using a Sieverts apparatus; the crystallographic structure was checked by powder x-ray diffraction at room temperature on a D8 Bruker diffractometer. Below 90 kOe, the magnetization measurements were performed using a conventional physical properties measurement system (PPMS) from Quantum Design. In a second step, the measurements were performed in the Laboratoire National des Champs Magnétiques Intenses located at Grenoble (France) in a high continuous magnetic field up to 310 kOe. The experimental procedures of the magnetic studies are detailed in Ref. 11 . Isothermal variations M T (H) were then obtained. It is noted that after sweeping the field up and down at a given temperature the absence of remanent magnetization was checked before the increasing of the temperature. The isofield behavior was then deduced from the isothermal variations. As shown in Table I , a limited Gd for Y substitution induces a noticeable increase of the cell volume (0.44%) of the monoclinic structure (C2/m space group) and leads to an important increase of the T M0 transition temperature. Let us first discuss the magnetic properties observed at low temperature (i.e., when T 110 K). At 4.2 K, the variation of the magnetization M versus H is very small from 40 kOe up to 250 kOe, with a relatively weak differential magnetic susceptibility, which is field-independent and equal to 4.3 10
À1 kOe À1 (Fig. 1) . However, at 250 kOe, M increases suddenly and becomes a quadratic function of H (inset of Fig. 1 ). This field-induced transition is observed at 4.2 K only, but not at 28 and 53 K. The analysis of the isothermal This value corresponds to a magnetization of 6 l B per Gd and may be considered to be in reasonable agreement with the free ion value (7 l B ). Above 250 kOe, M(Gd) decreases rapidly and reaches (0. 7 On the same figure, the M H (T) isofield variation in 5 kOe shows that (i) below 110 K, the Fe magnetic moments are parallel and their resultant is coupled antiparallel to the Gd magnetic sublattice, (ii) the first-order magnetic transition associated with the change in the cell volume corresponds to a large reduction of the compound magnetization, and (iii) in the 110-142 K temperature range M H (T) under a 5kOe field remains constant and small (about 0.9 l B Mol À1 ) indicating that the different exchange interactions yield to a stable new ordering of Gd and Fe moments. In the 142-300 K temperature range, the compound is considered as paramagnetic with an important short-range interaction domain (below 200 K in Fig. 2) , while a conventional paramagnetic behavior manifests between 200 and 300 K. In other words, T = 142 K may be considered as the Néel temperature (T N ) of an intermediate temperature antiferromagnetic ordering, which is stable in low applied fields only. In YFe 2 D 4.2 , T N was found to be equal to 131 K in zero applied field from neutron diffraction experiments. 6 When the applied field is larger than 100 kOe, the anomalies found in low magnetic field are no longer observed and the M H (T) curves present a monotonous variation with a slight maximum around 110 K (Fig. 3) Fig. 4 near 140 K. The transition field (H TR ) defined as the field corresponding to the maximum of (dM T /dH) has been deduced for each isothermal M T (H) curve. The temperature dependencies of both H TR and (dM T /dH) Max are reported in Fig. 5 . It must be noted immediately that the end of the transition takes place just below 170 K and that when T increases, the peak of (dM T /dH) decreases rapidly whereas the width of the transition becomes larger and larger. However, as the metamagnetic transition was found to disappear also at 170 K for two Fig. 1 . The higher value of T M0 in the Gd-substituted compound compared to the non-substituted deuteride results from the larger cell volume of the Gd-substituted deuteride (Table I) . The H TR /DT slope is larger for the Gd deuteride (2.20 kOe/K) than for the non-substituted compound (1.37 kOe/K). 11 In addition, a significant increases of DH TR /DT slope (2.48 kOe/K) was also observed upon Er substitution, 11 but not for YFe 2 H 4.2 .
6
As Er substitution leads to a decrease of the cell volume while the H for D to an increase of the cell volume, it can be concluded that the introduction of supplementary exchange interactions between Gd and Fe atoms is responsible for the slope increase rather than the cell volume variation. A second interesting characteristic of the field-induced magnetic transition is the fact that there exists a field (H 0 ) for which the magnetization (M 0 ) of the Gdsubstituted compound is equal to the non-substituted deuteride meaning that the contribution to the resultant magnetization of the Gd moments is equal to zero. For example in Fig. 4 , it can be observed that H 0 = 140 kOe and M 0 = 3.02 l B Mol
À1
. It is worth noting that whatever the temperature (i) the Gd-substituted compound magnetization is larger than that of YFe 2 D 4.2 when the applied field is smaller than H TR , (ii) H 0 is always larger than H TR . In conclusion the results reported here indicate that only 10 at% of Gd for Y substitution alters both the structural and magnetic properties of the deuteride. The sensitivity of T M0 (DT M0 ¼ 26 K) to the change of volume (þ0.3%) confirms the magnetovolumic character of the transition. A field-induced spin reorientation of the Gd moments is observed at 4.2 K in field larger than 251 kOe. 
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